This article is intended to raise awareness of the adaptive value of endurance exercise (particularly running) in the evolutionary history of humans, and the implications of the genetic disposition to exercise for the aging populations of modern technology-driven societies. The genome of Homo sapiens has evolved to support the svelte phenotype of an endurance runner, setting him/her apart from all other primates. The cellular and molecular mechanisms underlying the competitive advantages conferred by exercise capacity in youth can also provide a survival benefit beyond the reproductive period. These mechanisms include up-regulation of genes encoding proteins involved in protecting cells against oxidative stress, disposing of damaged proteins and organelles, and enhancing bioenergetics. Particularly fascinating are the signaling mechanisms by which endurance running changes the structure and functional capabilities of the brain and, conversely, the mechanisms by which the brain integrates metabolic, cardiovascular and behavioral responses to exercise. As an emerging example, I highlight the roles of brain-derived neurotrophic factor (BDNF) as a mediator of the effects of exercise on the brain, and BDNF's critical role in regulating metabolic and cardiovascular responses to endurance running. A better understanding of such 'healthspan-extending' actions of endurance exercise may lead to new approaches for improving quality of life as we advance in the coming decades and centuries.
a b s t r a c t
This article is intended to raise awareness of the adaptive value of endurance exercise (particularly running) in the evolutionary history of humans, and the implications of the genetic disposition to exercise for the aging populations of modern technology-driven societies. The genome of Homo sapiens has evolved to support the svelte phenotype of an endurance runner, setting him/her apart from all other primates. The cellular and molecular mechanisms underlying the competitive advantages conferred by exercise capacity in youth can also provide a survival benefit beyond the reproductive period. These mechanisms include up-regulation of genes encoding proteins involved in protecting cells against oxidative stress, disposing of damaged proteins and organelles, and enhancing bioenergetics. Particularly fascinating are the signaling mechanisms by which endurance running changes the structure and functional capabilities of the brain and, conversely, the mechanisms by which the brain integrates metabolic, cardiovascular and behavioral responses to exercise. As an emerging example, I highlight the roles of brain-derived neurotrophic factor (BDNF) as a mediator of the effects of exercise on the brain, and BDNF's critical role in regulating metabolic and cardiovascular responses to endurance running. A better understanding of such 'healthspan-extending' actions of endurance exercise may lead to new approaches for improving quality of life as we advance in the coming decades and centuries.
Published by Elsevier B.V.
Introduction
The take home message of this article can be appreciated from the following few sentences in which I comment on daily life in modern societies. Ah, this is the life -no need to run, nary even to walk. We curse the 'inconvenience' of a broken elevator and the 'annoying' bicycle rider who slows our drive home. We work with our fingertips and relax by watching television, while consuming large amounts of omnipresent tasty morsels. As a consequence, our body and brain experience a chronic positive energy balance. Unless we are motivated to rectify this dangerous lifestyle, obesity and/or insulin resistance occur, hastening the development of age-related diseases including diabetes, cardiovascular disease, cancers and neurodegenerative disorders. Because this scenario has become hauntingly common, our society must endure the increasing burden on the health care system and the workforce as the time window of productivity of persons in positive energy balance shrinks.
Recently, several investigators have placed the ongoing epidemic of obesity and associated diseases in the context of the Keefe et al., 2010) . The idea is that a sedentary lifestyle betrays the evolutionary history encoded in our genes, a genetic code for periodic endurance running and intermittent feeding. Here I focus on the notion that for optimal fitness our genetic code demands challenges to the cells within which it resides, challenges that stimulate the expression of 'survival genes' that encode for proteins that enhance the ability of the cells to withstand oxidative and metabolic stress. The latter 'use it or lose it' hypothesis falls within the broader concept of hormesis which we have defined previously as "an evolutionarily conserved process in which a low dose of a stressful stimulus activates an adaptive response that increases the resistance of the cell or organism to a moderate to severe level of stress" (Calabrese et al., 2007) . Though adaptive stress responses occur in cells throughout the body, I will comment on the adaptive responses of muscle and nerve cells to the stress of physical exercise.
Homo sapiens are unique among primates in their capability for endurance running
Before delving into an exploration of the molecular events occurring within muscle and brain cells during and after exercise that may protect against aging, I will briefly review some of the emerging information concerning the evolution of the remarkable capacity of humans for endurance exercise. An analysis of 1568-1637/$ -see front matter. Published by Elsevier B.V. doi:10.1016/j.arr.2012.01.007
